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1. Introduction 
With global warming and UHI (urban heat island) effects, our earth and urban have become warmer and warmer. Comparing 
to the global warming, UHI has deeper impacts on urban temperature. There are two ways to deal with the UHI: mitigation and 
adaptation. “Mitigation”, that is restraint of the urban heat island by reducing the production reason of high temperature. The 
methods include energy saving, forest restoration, recovery of lake and river, etc. “Adaptation” on the other hand, which is 
about adapting to the impacts of inevitable UHI. Researchers have adopted and integrated many ways to accomplish the 
“adaptation”, for example, green space, water, arrangement of buildings, etc. Piloti is also a method can adapt to UHI. It can 
provide shaded-space as well as trees, improve the surrounding wind environment and alleviate the thermal comfort of human 
beings. In addition, piloti does not produce water vapor so that the humidity will not be raised. Remarkable effect is able to be 
expected through arranging piloties in the city buildings. However, effects of piloti on outdoor thermal environment of 
residential blocks in a hot-summer and cold-winter city have not been studied. People in the hot-summer and cold winter zone 
are troubled very much by the hot humid summer and cold humid winter. It is necessary to consider the outdoor thermal 
environment both in summer and in winter at the same time. Because different thermal sensations depend on regional and 
climate differences, outdoor thermal comfort database in hot-summer and cold-winter zone is needed. Overall, the following 
three aspects will be studied in the thesis: 
(1) To clarify the outdoor thermal comfort in a hot-summer and cold-winter city (Wuhan) through performing objective 
environmental physical measurements and subjective questionnaire surveys simultaneously. The relationship between 
different SET* (standard effective temperature) intervals and acceptable rate will be used to evaluate the thermal 
environment.  
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(2) To determine the optimal piloti arrangement in residential area of row layout in a hot-summer and cold-winter city 
(Wuhan), and then investigate the relationship between piloti ratio and outdoor thermal environment (wind velocity, 
temperature, MRT, SET*) based on the optimal piloti arrangement both in summer and in winter. 
(3) To propose a new basis of residential building blocks design in hot-summer and cold-winter cities according different 
evaluation items (wind velocity considering temperature effect, SET*). 
2. Thesis structure 
The thesis is divided into six chapters. 
Chapter 1: Research background, review of previous research, the objectives and the thesis structure are given in Chapter 1. 
Chapter 2: A numerical simulation system for outdoor wind and thermal environment is introduced in Chapter 2. The system 
combines commercial software, STAR-CD/RADX with additional codes which can reproduce complex outdoor 
wind and thermal environment with high prediction accuracy. 
Chapter 3: Chapter 3 firstly introduces the criteria for assessing wind-induced discomfort considering temperature effect. Then 
a general introduction to thermal comfort model is given, and several important thermal comfort indices which 
often be used for outdoor space are introduced. SET* is selected to evaluate the outdoor thermal comfort in this 
thesis. 
Chapter 4: To obtain the outdoor thermal comfort database in a hot-summer and cold-winter city (Wuhan), questionnaire 
surveys were conducted in Wuhan both in summer (June and July 2011) and in winter (December 2011 and 
January 2012). Relationships between SET* and thermal acceptance both in summer and in winter are clarified. 
Chapter 5: In chapter 5, through the coupled simulation method for outdoor wind and thermal environment, the optimal piloti 
arrangement in residential area of row layout in a hot-summer and cold-winter city is determined, and then the 
relationships between piloti ratio and outdoor thermal environment (wind velocity, temperature, MRT, SET*) based 
on the optimal piloti arrangement are investigated. When evaluating the effects of piloti, the evaluation method 
introduced in chapter 3 and the results of chapter 4 are used.  
Chapter 6: Conclusions of the thesis are highlighted and future works 
are discussed in Chapter 6. 
3. Highlights 
3.1 Outdoor thermal comfort in Wuhan (Chapter 4)  
Questionnaire surveys and objective environmental physical 
measurements were performed simultaneously on sunny days in 
Wuhan City (Fig. 1), China, during summer time (June and July 2011) 






preferences, relationships between biophysical environments and subjective states were obtained. The neutral SET*s in 
summer and winter were 25.6 ℃ and 24.7 ℃, respectively. The relationships between TSV (thermal sensation vote) and 
TCV (thermal comfort vote) in winter and summer showed that in summer, people will feel comfortable when their thermal 
sensation is a little lower than slightly cool; but in winter, they need slightly warm. Fig. 1 presents the relationship between 
different SET* intervals and acceptable rate.in summer and in winter, and this result was used to evaluate the calculated 
thermal environment in Chapter 5. 
  
(a) in summer (b) in winter 
Fig. 2 Relationship between different SET* intervals and acceptable rate 
3.2 The optimal piloti arrangement (Chapter 5)  
Four different piloti arrangements were considered in order to determine the optimal one. In summer, Case 4-S could enlarge 
the wind path and improve the wind environment best (Fig. 3). The average SET*s (Fig. 4) of the non-piloti area from Case 
0-S to Case 4-S are 38.7 ℃, 36.8 ℃, 37.4 ℃, 37.0 ℃. 36.0 ℃, respectively. In winter, after adding piloti, wind path became 
weak in all cases (Fig. 3). Piloti arrangement as Case 4-S was the optimal one. 
  
Fig. 3 The distributions of wind velocity in summer and winter Fig. 4 The distributions of SET* in summer  
3.3 Appropriate piloti ratio to avoid wind-induced discomfort (Chapter 5) 
Based on the optimal piloti arrangement, the relationship between piloti ratio (0, 20%, 40%, 60%, 80%) and outdoor wind 
environment was studied. The wind velocities on the calculated times in summer and winter were lower than average wind 
velocities of July (the hottest month) and January (the coldest month). To avoid wind-induced discomfort, it is better to 
consider the average wind velocity of one month. According to the calculated wind environment, input data (ground roughness, 
α=0.25), definition of wind velocity ratio, average wind velocity (h=10, summer: 3.6m/s, winter: 2.4m/s) of one month, the 
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relationships between piloti ratio and average wind velocities (Fig.6) were gain. The average temperatures in July and January 
are 29.6 ℃ and 3.8 ℃, respectively. As seen in Fig. 5, if wind velocity is stronger than 2.8 m/s or weaker than 1.24 m/s, it 
will cause wind-induced discomfort in summer, while if wind velocity is stronger than 1.9 m/s, it will cause wind-induced 
discomfort in winter. By putting these three values into Fig. 6, it can be found that the piloti ratio should be between 12% and 
38% to avoid the wind-induced discomfort. 
  
Fig. 5 The criteria for assessing wind-induced 
discomfort considering temperature effect 
Fig. 6 Relationships between piloti ratio and average wind velocities 
(red dashed area here is shown in Fig.3 ) 
3.4 Relationship between piloti ratio and acceptable rate for thermal environment (Chapter 5) 
Fig. 7 shows the distributions of SET* from Case 0-S to Case 4-80-S. Piloti can provide shaded place and decrease the SET* 
rapidly. Beside the south and north sides of building, because the wind velocity is very weak, the SET* is very high. In the red 
dashed area (Fig. 7), because of the high wind velocity, the SET* is low. Table 1 lists the average SET* and corresponding 
acceptable rate (by the Fig. 2) of non-piloti area and red dashed area in summer cases. All of the acceptable rates of non-piloti 
area are not high. The acceptable rates of red dashed area are higher than that of non-piloti area. When acceptable rate is 50% 
of red dashed area, it can be calculated that the piloti ratio is about 31%. 
 
 
Fig. 7 The distributions of SET* 
In winter, the SET*s changed slightly with the increasing of piloti ratio, and all of the acceptable rates of non-piloti area were 
high enough (over 75%). 
3.5 Suggested piloti arrangement and ratio 
The suggested piloti ratio is between 31% and 38% based on the optimal piloti arrangement. 
Table 1 Average SET* and corresponding acceptable rate of non-piloti 












Piloti ratio 0 20% 40% 60% 80% 
Non-piloti 
area 
Average SET* (℃) 38.7 36.9 36.0  35.4 35.1 
Acceptable rate  10.9% 25.6% 33.0% 37.9% 40.3% 
Red dashed 
area 
Average SET* (℃) 35.8 34.4 33.6  32.9 32.6 
Acceptable rate  34.6% 46.1% 52.6% 58.3% 60.8% 
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